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ABSTRACT i We Iw?^ iroix^iHted to eon^^ $taUe' 
C vims <HCV)*1V« dei^ a cassette vtctor ulth lixed 5^ and 3' 



The geiKHnc of HCV. is Wghly Iwterogencmts/and many 



Songm^ traiMtcrfiptase-FCB, di^^ 
lafectivt^ortwo conqvleie fUU-tongtb cE>MA dimes wea Usted hy 
tite direct iaUabepatic Neodoo » cbbt^kanzee wttilt 
trsuQsaripb. Howevery^ fiHnul no tvUeoce for HCV r^pilieatlon. •■ 
S^spifp^ >»al^ of iheat mtA t$ Additional fialWen^ dooss 
item 

sl% asd tbe remain^ nine dones bad 6-^ «»la6 add untta- 
ti<Has in to priedicted po^yprotdn tomivat^ 
setiiienceof H77. Next, we CQHtftructed a con$eBsasaiimeni Crani 
finir of the fi^^^IeagUi cDNA d<»e5 ^tti Just two tigatiott steps. 
B^edioo of R^U transcripts inim 

<tf tiie vtnis ncoveitd trim tte chfaapanriy lyas tdenflcal to that 
of the injected KNA transcripts. This statJe infectioos molecolar 
done sfaouM t»e an tmportant tool lor dev^oping a l>etter 
ttoderstanding i>f ibe m^ecoiar \MQgy and path o genesis itf 
HCV. 

Hepatitis C vLnis. (HCV) is the most importani cause of 
transtusion-associated and commnnity^acquired non*A,3U)n-B 
hepatitis (1» 2). The infection wcharacteriredby.a high rate of 
chronictty (>S0%) (IX and it Is estimated that about 4 niillkm 
peo|rie in the United States and more than 100 nstlUon peoj^e 
worldwide are chrooicaUy Infected with HCV (t% Hiese 
individuals have a hijgh rikc of developing chronic IhepatitiSt 
iivcr cirrhosis, and hepatocdhilar cardnbma (I). Thns, HCV^ 
. is a maror cause of marlndity and ioaortality ivorldwide^ and 
there tSj^ iwi urg^^^^ 
effective Ueatment-^;l^^ 

HCV, and thcrapy'with.hUerferpo, which, is the only antiviral 
drug with proven efftcacy f6r treatnicnt of chronic h<^atttis C 
is effective in only 20-30%:ofpatieirts (3V^^ i 
HCV has-been tentatively dasstCed in a &^;>aiate g^ms (He- 



:of FtoMwrus ami ffesawrw; HCV- has a positive-aeiise sir^gle- 
. fiiranded RNA jgipniiirae t^^^ io lenigth (4). It 

;;«msists«f;ahi^^ 

appiiwmiat^SW tong pKjF<rf.apprc9^ 

ni, and a unique 3VUIK of 20O-30O;nt The 3V'UTO>Kit«n5 

three' diAinct regions, consisth^: of a short -varii^ 

; (variatfc regiOT) adjwnii^g apojf.y^UCregiim 

! followed a-higWy wnsirvedifcfba^ 

rqgjkm)6f apji lODnt (5i^);inMfcpRFgfHC^ 

salaigeif^^ 

ij: payineiit :Thi» aitoc 

laccwdaniw fl^.*fwt;:.|^^'S 



HCV isolates diffwr from each other. by more than: 3()% over, 
the entire gencmiei. Moreover, HCV cltculat<ts as a^q^ 
of ctosely related genomes in a stn^e mfected indrndual. .. ; 
Atpreseni the dtimpanzee represents the only ankaaJmodd 

= lot HCV iafectibii (3i, 12). However, the<availahiltty of Ithis 
aoimal model is very liimted. .Fwirthermore, HCV replication 
is not efficient in cultured cells in vitro (13). The difficulties m 
propagating HCV have hindered b^ic te^ardi aikl the de- 
velopox^ of antiviral thmpies and vaccines. 

. .::The genome of positive^tKuid RNA viruses functkms as 
mRNA from whici all viral proteins necessary for virus . 
pro{bgatt6D'ar«^tran^tbd. Thus, genomic RNA, as well as 

:RNA transcripts trom fttlMength cDNA ckmes, should be 
infectious. In the FiavMndde family, infectious transcripts Of 
fun-length cDNAs have been described for flaviviruses (14- 
18) and pestiviniscs (19-t-23), An infectious molecular done of 

::;HCV: wouM be an import ants^ 

its molecular biology and pathogenesis. Given the extensive 
genotype diversity of HC^, it also may be knportant to have 
infectknis dohes representative of more than one genotype or 
. variant Therefore, it is important to devise a strategy for 
efMentlyconsttucth^ such dories. Recently, by usingthc long 
reverse trankri|tese--PGR (RT-FCR) method we succeeded 
in the syiith«>is cf 75-kb DNA aroj^iccms of httwtitis A virus 
&bm whidi infectious RNA was transcribed (24), We further- 
. more demonstrated that it was possible to amplify the near 
/ fiill-length HCV genome in a .single round of kmg RT*PCR 
(25). In; the jpresent stufJy, we used this metJk)dology to 
perform a \ detailed sequence analysis of the . H77. straio of . 

- HCV, liie sequence data were iK»d to' instruct a cassik^ 
* : vector into whwA products fbm long RT-PCR were efBdeniJy 

- inserted to provide ful^Iength genproiccDNA dones that were 



J: wiisistock. Plasma containing H77.:Of HCV -w^ 
irf)taincd: from a patient in the acute phwe. of : transfusion- ; 
•asKvdated non^ non^B hepatitis. (11). Strain HTTbdcdgs to. 
■ genotype - 1 a of HCV ; (26, 27). The cwisensus sequeiipe for > 
■mbst of its j^cnM has been deterinined (7, 26^28). : ; 



, ilJTR^iuntranidated jjregioo;:^^ 
j^igeoome: equivalent 



Abbreviaticas: HCV, hepatitfe. Civinii 
:;:iRT4^CRi : itvcttc itranscf^^^ 

: S^fdeppatwn: :fbe scqiicnces itportcd in thi^ pi^>er haw been-:. 
. Idcpcsitcd : in : this GeaBanfc • database (acccsrion not AFOinSl* 
fAmvrsyf. yM:.> ■ ■ .. . . 

::::fTo ii^toiu r^riot reouesU^ be; addressed at: Nat iooal idititntct 
:\of Hcalib, hUtibW Inkitiste offAUcrgyjand Infectious Oiscases^V 
i Uiberatory of l^ectioiis Diseases* Hepatftis Yixoses Section; Build- . 
:. ing 7,=: Room 201,= 7 Center. Drive;: MSC .W40,::.KUicsda;:m^^ 



1^8738.::! 



'•■ R2«aPnrifica^ RNAfrom 10/^^^ 



; -pellet:. wB$:res^^ lO) ijii of ;iO oiM: DTT with .$%]■ 

: :(vol/vol) iWaaiii;:- (20*40 : liiiiits/fa);; (Prt^^ ■ :ahd viO-Ml ^ 
!: aUqttoU weire i storoi at ; -r-SCTCl;:: In ;5U&s&(|uirat exf^fmeotSx 
■ RT-PCR was ptrhnxicA on RNA'^n ;il of YiV:\ 

Pftrnm^PfimeniWexededac^ 
of stmin H77 previously iwWi^^ {se<? abovey or: idetennined 
fn this stwfy: (Tabfc 1). fot loig RT-fCT 



.<feriS«^^A^ next iac>tics» liMoid^^ 10;<^ycte»» 
.andi3 the ba^ lOicj^ci^^ pcbxiplete . 

ORF of HCV ^ Idhg RT-PCR we uised the.seose ptimcre HI or h 
•At d^iicedfiromto H9417R :> 

. deduced firai the va^^ 

; i: O»9tracdoo^^(^ Fi^^LeB^!H77;d>r^ Obil^ l^elong 
iiiPOlii^oducts'amplif^ BWlTRi-prnaws wcre:;f: 

rdoned dirertJy. iiito pGEM*9zf(^) .after dSlgcstioo with Afo/l . 
^romcga) (Fig^ l): We oirtaiiMsdooly fvyodw^ 



: 'and cDNA ^thesis was perf<mited in 8.20-^1 reaction vblame.. 

Lwitb Si^rscript n reverse traiiscriptfiise (GIBCO/BRL) at . 

'.42*C for 1 hr usidg specific iantisemeipximen as described ;.i 
previously (24). The cDNA mixture was treated with RNase H 
and RNese Tl (GIBCO/BRL) for 20 inih at 3rC 

Aii4>lincatl0B a]ui CloDlBg of the 3': liTR. The 3': UTR of 
strain H77 was an^Ufied hy PCR in. two different assays. In 
both of these nested PGR reaoions the. fird round of PCR was 
performed in a total volume of 50^ in IX buffer, 250 mM eadi 

-:-eatbdeaxyno^ 

external sense and antlsense primers, i of the Advantage 
. KlwiTaq polymerase mix (CCONTECH), and 2 ^tl of the final 
cDNA reaction mixture. In the second round of PCR, 5 of 
the £cst*niimd PCR mixture was added to 45 >l of PCR 
mixture prepared as described above. Each round of PCR (35 
<^dcs), ^ich was performed in a JONA thermal cyder 4S0 
(Perkis-^Cimer), consisted of denaturation at 94*C for 1 mht 
(in firei cyde Imin 30 sec), anneafii^ ai60*C for \ min, and 
elongation at 6SX fori nan. In one experhnent a re^ctn from 
NS5B to the conserved region of the 3' UTR was amplified 
with the external primers H9261F artd H3'X58R, and the 
internal pnmeis HS(282FaBd H3'X45R (Ta!^e 1). In another 
€3q>eriment» a re^n from the variable region, to the wry end 
of the 3' Um was amj^icd with the external primers H9375F 
and H3'X*35R, and the internal primers t»386F and H3'X- 
38R CTabie 1; Fig. 1); Amplified products were purifted with . 
QIAqiitck PCR purificatioh tit (Qta^n)» dieted with Hm^ 
din andJKJwI (Pramega), purificdby either gel elcctrojAtoreffls 
or phenol/ddorcfOTm extractian, and then cloned mto- the 
nwltiple deling site of pGEM.fififi[-) (Promega) or pUG19 
(Pharmacia). Coning of cDNA into the vector was performed 
with T4 DNA iigase (Promega) by standard procedures; 
r AiB|)llflcandn <^ Hear FoU-Lei^ H77 Genomes Jbiy I»ng 
PCR The reactions were peffo^^ 

! Ix buffet; 250.^ each dea^^mscfeoside biqih^ 10 pmol 
-:::(^::senseiijEmtd-:a 

KienTaq fK]l^nerase mii^ and Ipi of the cDMA cieactidn mixture 
. (24, 2S). A angje PGR round iof 35 cydes was ipcrformed in a= 

Rofaocycier thermal <^er (Stratagehe) and <>Qnsisted of dena-. 

tumtiori at 99^ fiar 35 sec ; annealing at ; for 30 sec, and 

TbWcI. piigcwtfdeotidcs nsc4 for PCR aipirfa«^^ of jsttaifl fmof HCV.- 



: 3' UTR was <tocd into bo^ pH23t and p^^ 
witbylflll and;;!ldEiaI (New Ei^land Biplat^). OH5.« cornpetcnt 
cells (GIB(X)/BRt>:::Were tirac^ofmed and/s^ected with 
Luria^rtani agar plates containing lOD ^ml ampicillui . ; 
(Sifi^). Then the selectwi colonics were cultured in Uiria- ■ 
Bertani liquid coniainfa^ ampiciUin at 30r<: fdr lS^. hr 
(transformants 'containing ^B-l^th or near ^*lengtb ■ 
cDNA of H77 produced a very low yicdd pf ,|riasmid .when . 
cultured at 3rC or for more than 24 hr).: After small-scale 
preparation (Wzard Phis Minipreps DNA Pnrificatioh Sys- 
tems, Promega) each plasmid; was retransfiDrmed to select a 
-:;;5ingle:dpn^'ami iarge^^ 
perfohoed with a Qiagen plasmid Maxi lut . 

C^ngof Unt.RTrPC3tl^odQCtsiBU»aC^ '■ 
To improve the efficiency of Zoning, we constructed a vector 
with consensus 5' aiid.S? termini of liCV strain H77 (Fig. 1). 
This cassette vector O^CV) obtamed hf cuttmg out the 
BamHl fragment (nuc^ei^des U58-7,530 <tf the H77 ge- 
nome) from pH5Q^ followed religatton. Neatt, the bmg PCR 
products of H77 amplified with HI and H9417R or Ai and 
H9417R primers were purified (Gencclean spin kit; BIO 101) : 
and cloned into pCV after digestion with^ff^I zxiA Afm Qitw 
England Biolabs) or with HnAI (isosduzomcr of A^X) and 
S^l (isoschhxaner of AflU) (Boehringer Mannheim)- Large- 
; scale preparations of the plasmids. containing full-length 
: cDNA of H?7.wwc:performed as descra>ed above. 

Construction ^H77 Consensus Chimeric cDNA Clone. To 
dm&truct a (iOI-lerijgthi cDNA done, of iHT?; with , an ORF. 
eaco^Bg the consensus amino i acid, sequence, we made a: 
chtmera from four of the dO»NA dones <^tained above. This 
: consensus diimera,ipCV-H77C; was constructed fo two .hga- 
tion steps by u&g standard molecular procedures aind con- • 
ventent deavage s^tes and invi^ved : first a two-piece ligation 
and then a three-piece ligation, Uagcrscale: preparation <rf 
pCV-H77C was performed as described above. I 
: £] Hrr«;ixyanscrlpdon. Plasmids containis^ the fi4^Mi^. 
HCV were lirieariaed wi* Ahfll promega) and purffied 
• by phcnc^chbrofonn extraction and! ethand prcc^pHatimt A 
■ tOO-fd resdibn mixture containing 10 ^ of lincariwd iplisavd [ 
DNa; IX transoipdcm buffer, 1 mM ATP, CTP^OTP, and OTP, • 
Id mM DTT, 4% (vol/vol) RNasin (2»-r40.vni*s/fiO, and 2 of ■■■■ 



>;t>ccgaat»Qh:;:i 



•:H3'X5SR"'-^:=? TdOTSCGbcrCACOGA 

■■H3*X-38R*-= CQT CTCTAGA CATGATCTXXStfiAGftG^ - 



>HCV SMueaoK ai» ihw^ iightfece teit, »TO-HCV-«p«ific sw^^ areAoro in ^rt**??^ 
iiuscd fer cONA doning are tmdeirUne<i;:in»;carc;^ |anmn«r,H ii.^wwnim 



■ ...................... 



rum 




: FtitHehgith KTF^IWA emtrwlt 



rum . OMkMi .riim 




aatfX^a1 (pK21i afid pHSOtt}- 3' vntwas donad into both - 
pHZlt ^ pHSQi afcer iSigestkm with a&d JC&tl igmi am! pHSO). 

.•ot dcntaig; we ooastifucted t cassette vector WMm y, '9o4 y 
tcxnnm of H77, Tbii osscttcycdor (pCV) was dbtaineil by oming oat;:; 

{^ISO, Iqitowcd by rdl^iatioa i%iaQ^, the long PCR pnxbcts of H77 
^: : aoipUfied: with pfi^^ 
iH9417R (ApfO^^ 

></ni itiir with i%nAl and S^. ^Tie ■ latter prcicodurc yielded im^tipifr 

coiDpktCrd>HA dones of itrain H77 of HCy.--. 



i " ]iUr»lii^ iyinsfecdoii ; of QUm{Mtn^^^>^ 

i; wc. inject s«. sites -cif Qsi exposed \Iy^10O)/S^ 



sampldi of; i60;>i|| of serum were tested for HCV RNA in ai; 
.lihigbjyii^sitive^^^^ RT-PCR assay wirti-AropIfraq-GoJdii 
iirO^^ro^Hniei^^^^^^^^ The geooniciititeir "of- H 



this smdy.j w^r^^ malnlikinedi under afl . 



^ genomes recoyeied at ywk i fk^rtinpc^ (pi) w.dcv 
teniuoed by direct seqwn^^ PCk products <rt»tained in"; 
:: lon| RTrPCSl with primers Al atuJ H5W17R followed by owtol ; 
iiPGR of ; 10 bveirfeppii3(g^€^^ 

;die vadaMe.regkin of the 3' UTR was determined)^ direct 
i;:S£^ueiK^g of an a^^ 6t)tamed in. MSted .RT*fKIR as . 
i::de&drd>ed atibye^ 

• pendeotly by nested RT-^PCR with AropliT^ Gold; . 5 ; : 

Sequence i^a]S^ £toth strands of DNA from PGR products; 
;> as wellaiidasam^ 
I PKlSMpye<X%^^ 

] spedSc sense and anttseose sequence prim^. ' 

■< : We determined the consensus sequence of HCV strat^ W7 

i;:in:tw<) different :wa^iin:03ze:^ 

p ovedappingKIR 

: : the :H77 plaana : sampl6:^::T^ 

; 35^9;4t7); induded the; e^ 

3' termint. In (be second abroach, the consensus sequence of 
.nucleotides 157-9^84 was deduced from the se^uenoes of J8 
= full-lcn^ cDHA clonea. • 

■ RESULTS ■ 

Vairtabtlity in the Seqpaebce .of the 5' UTR of HCV . Strabi; 
R77* The heterogeneity of the 3' UTR was analyzed by clqntng 
and sequencing of DNA amplicons obtained in nested RT^ 
PCR. We analyzed 19 dones, which induded sequences of the 
entire variable region^ the poly.U-UC rcgbri, and the adjacwit 
19 nt of the conserved region, and 65; clones cohtaiRing 
sequences of the entire poly VAJC region and the first 63 nts 
of the conserved region. We coz^nned that the variable region 
consisted of 43 nts, indudii^ two conserved terminatioR 
codohs .{32); The sequence of the variable re^gion was bighJy 

i;: conserved within H77 bemuse piUy threeif^ 
found ainong the 19 clones analyzed, A poly U-UC region was 
present in all 84 clones analyzed, However, Its lengA varied 
from 71-141 ots. Hie length of the poly U region was .9-103 
nts, and that t^the po^ UC region was 35^85 hts. Hie number ' 
of Cresidues increased toward the3' end Of the po 

: but tte aequence'of this region 

;;ints of theconscrved; region were^:h 

domes anat^ed, with a tatal ofoii^ 14 point tniitationsvTo i 
confiim tbe vaiidii^ of the analysis, we reamptified the 3' UTR 

. directty f rom a £un*lcngth cDNA done of HCV (see below) by 

;:the ncsted-PCR procedure with; die prkoets in the variable! 

ifiegioii'and at the:very 3';;en^ 

;:;the:P€Rpiodix^^^^^ 

:;;;UTegion;;r ' " ' " ' ' ' 



;ifi ht- deletions : of :! U residue^ .Thiwe!:deJctio 
:'iurtk&ds introdi^ PGR!, - and - 
; jiptratrijw ted :tb; the 

regkmf : iiowevef^ the! conM;n«M of the \ 3' UTR was ■ ; 

! ai^fled correct^, Suggesting & tfje dcletJons were! doe to ; 

dlffiratti» in tr^hkribm^ i; 
. ! ! One of .the 3* : UTR clon b wm alecteci fw. cngmiwring of 
!■ folWength cDjWA dones of tfH. This ckme had tl^ dTusensus 
; variable sciqueiwe: ex fox a sirigjte point mutatidn intro^; 
:.duccd. to estate ^^.k poly U-UC'stretch of !: 

: 81 nts with the inost comnionly <*sei^ieo .UC jrattero and the]:; 
^: cbhs^insus^sequeoc^ 



primerused in 



end;; 



xj:!?: Mtiittil Kiercic ^V^^ '^Ml 



j die HCV geoo^ from the 5*; UTR to the d^cad of could ;: 
be Biii#fied;fibni; to* Vsingle (cmmt'of Jong 

RT-K^ (25). io tbtcunem stud!^» by Qp^m2in$ptmm and 

!. In a ^gle rcmnd of loiig RT*PCR:mt!i pnmecs from the 5' UTR;: : 
tasui the vsii^lc nj^ of the 3' VHt in we cpuid ion^iiifir 
9.4 kbdf tbie H77 ^UKHne ^ product fram the very 5' to the. 
/variable region olthc 3' UTR) fnwaitf GEpr9,3 1* (ApftK^ 
from vithih the 5' UTR W die <rf tbe.3':UTR)- 

torn 10* GEdr lO' GE* m asii^gjleibimdof rOTi'RT-PCR(^^^ 



f6f etigineenng ful^ic^^ . 

Omstrocttoi of MuM^ F^^Length d^A Qbiues of H77 . 
a Sin^ Step iy OoQing of Long Rr4<3t Am(d^coiU; Direetlty 
Into 8 Cassette Vector witb Fixed 5' aad 3' Termini, We Ojst 
atten^ied ^oct dpaing of the long VCR prixlucts v^ch 
contained a y T7 ptoowtor* Ae autheniticS' end, the cnti^ 
of H77 aad a abort repcra of the 3' UTR, toto pCHBM-fcf(--) 
vector lyNoil mdXbal d^^stion* Howe^, amon^ the 70 dones 
exammed an but had inserts that sbciiter than pi^ 
- S^ueiKe anatj^B kkst^ 
. d^»ke$;,whtchresulted indeietkm c^themK^eotito 
9,221. Only two dooes (pH2li : and pH5Di) were inissmg the 
secondN^I site and had theexpected 5^ and 5' ^uencesof the 
PC3< produa TbweCDie, fuU-lengih cDNA clones (^1 and 
pHSO) wwe constructed by inswtin^ the chosen 3' UTR hrto 
pH2li 8z>d pHSOi, respectively, Scqueboe aiaJy^ revealed that 
.done pfQl had a complete faU4ength iseoue^ of H77; Uns 
dcHie was tested for m&cUvity. The seccMKi done, pH% had I nt 
dclclian in the ORF at po^tkm 6^; this.done was used to naake 
a cassette vector. 

Because we could not amplify the entire genome in one st^ 
but we could amplify the con^ete ORF^ wc constructed a 
cassette vector with fbced 5' and y termint as an intermediate 
of fuU-length cDNA dones. We constructed tMs vector (pCV) 
by digestion of done pHSO with fiaml^^ 
This shortened the ^asmid so that it could be readily dtstm- 
gaishcd irom plasmids ccwitainintg the fuU-length insert* At- 
tempts to done kmg RT-K» p«>ihici8 (H) imo pW 
and yielded only 1 of 23 dcmes with an insert of the^ 
expected size. To increase the effiden(?|r of clonings vifc re- ; 



r':c/\ 



Fio.;i , Gd dectrophorcl^ of.tong RT-PCR ampHeoas of iht\ 
entire ORF of H77. and the iranscnptiah mbmneibf the ihf^ctio«Q:. 
done of H77.Thc com^ 

. thepnnienHl or Al and HMlTRftbm 10»CME <tfH77;A .tbtaIof 10 ^ 
: -iigof the consdisus chimeric done (pC\f*HT7Q tinearixed.witti Afesl . 
Lwas muisoibwl ift- a^ reactioii wfth .T7:KNA pblyinera^ 
^^imiadittr^of tbe^ 

V i^esis ; "and the -i itciijaioder:: of • the; mumire: was liqccwJ ■ into.:; a ; 
chimpanzee, taat : U inbleailar weight; marker, lane'; 2^ products ;;: 
. amimfied with pHmen Hi ;and:H94t7R; lane 3, pradocts amp^&d!^^ 
; with i^eis Aland 

: the'RNAlUatwnptt ctooe-pCVrHTTC (12J;kb):.:::|:y 



31 H dcHttiRt^i^ A donies had Uie luU-lc^ 



16 ckmes^ sheeted 
jiodivklualif^^ 



Ib a Chbspam^ i 
fuli-lwgtb cDNA dones <d H77 (pH21 aid pCV-Hli) wc; 
obtained we tested by^m^ intralicpktic,ii\jcctkm,of a chim- : 



each done was ix^ected into three sUes of the exposed liver. 
However^ we found no evideni» fer H replication in fte 
diimpaftzee. Weekly serum saaiI^)les were, negative Cor HCV 
RNA at we^ pi^ in q h^fy sensitive nested RT-PCR 
ass^. llie cDNA J^^ aldriig . with the RNA ; 

transcripts als6 was oot detected io this assay, Thec h j inp fthrf ^ 



up, Thnsj.doncs pH2l and p^^Hll were not infedigns. 

the ORF of 18 F^Ungtb dDNA CSones. We perfi;>rmed se- 
qu^KX analysts of 18 fiiS-lengtfa dcmes, Oooe pH21, which was 

: not infectious (see abd^«); had se^ 
predicted po^^jhrtieia conned with the owcnsus sisqueiwe.of . 
H77 ^ 3), The most notable inutatioo, at position l,0a6» 
citaiged L to whkh altered the deavage site between NS2 and 
N$3 (33)w Clone pCV-^Hil, which also was not infectious 
aboveX h^ 21 aa Aibstitu^ons. in: the ptedicted polyprot^ 
(xw^aredwiih the c^nsen^siwjpteDoeofH^ 
fmitatiim (pointifm 564) eliminated a td^jty ccmserved. C residue 
in &e E2|Mrotein (34), Thes^ two mutadons might conceivably . 
accoimtfortheiac&of infedivityofthetwodcmesbut^ . 

=:-i<^ertimtat^^ 
5* and 3VtOT3ki mi^ tKrt havit bce^ 

The tnfecthrity of the remamtng 16 fbll-l^igth dones was not 
tested. However^ four clones Jiad a single nucleotide deletion 
in the ORF of H77, whidb would result in a frame sbift^ and an 

. additional done, had two nodeotide insertions in the OkFi - 
li^ich also would cause a frame shift iMnally 
identified in the ORF of two more dtMi«. Hjus, these seven 

: dcmes wcre defecdve for p<^yproteih syn^e»s and dearJy 
would not be infectious, TTxis left us with nine poUntSally 
infectioos donss;- However^ these dc^es had 6-28 aa muta- 

>: ticms m the pte<ficted: po 
sus' sequence of H77. More importantly^ each done had aa 

■ mutadons not ot^eryed k od^^ 



«^M»Mafltnto:ftTryBCy:::: 
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. Flo. 3:'" Oit^pmai ik tbc genome mgrntisctd^ of HCV Jtrain H77;; 
and the geaetk hetemjpetiei^ :of tstfividaai tulMength. don^' <^pm- } 
i pdr<^ 

i iocid change&^Dashed Hnes; rq>resen 

repreaints a point mutatitnrt ai:nuclibotide:5S in the ^V UtR. In the 
ORF, • ttiie e6i»enm diictMiffc dcme pCVrHTTC bad . U : nixdeotide ;. 
differcweisi iM pOsitlOBt l/>25 (C .r> T), 2,709 CT Q»3380 (A 0)^ 
3,710 (C-*n 3,914 (O ^ A);.4;463 (T -iQ, 5.058 (C.ir^.T), 5^ :. 
: (C T), 6,W{T^C),7.154(C-*T)i«nd7^ (T>^:C)J vtd one 
^amino add dinifiii (P. .t:^ Xl- iii amino add :790).:.coinpaied ;with the ; 
;i cottsensia sequence of Hn,Tbi£doHewasinf&^^ and ; 

:'pCT:Hii had 19. (7. «d^ ^d).;fiad 44 
^amiiib-iftcid) ififferenccs»;i^^ «omipired:WWi the (jonsen^^ : 
;::Bequence of H77:":Th 

mutatlcBi iri the 3kinR at nudcotWc 9,4M (O.-^A) in to.: 
:.crwtc*iM;>l^ cleJwige ^c;« twrt7«h^^ -I:--- 



:^'>::Jnmuipi$ from a' d>)^' ckizie OmHa^ •'' 

■ sus-Seqoeod» of HCV Strato BV Aire In^ectlbiiii men Tnas- '•■ 
fected Into m liveir oTa Cbimpaiiiee^lt is weB tstabUsbed tiiat 



reincsditdKi model for HCV'ixroj^^ 

iidedded to.tcstUte |tiifoctivtty'<^^ donscnnS clbhcof H77, A j; 



seqjucncc of H77 in Ihc ORF (Fij5.; 3), :HowcTC of these 



meinc dcHie differed from t&te coosettsus sequence at only one 
ammo add (L ' instead of F at position 790), AmoDg the 18 :: 
i! 010^ anafyzed abq^ 

tbe'L residue in. seven .dkmcs. However. the. L residue 
domm^t -m: other , isbla^ of genotype 1% indnding a :. 

:::|»is5age ofHFT^i 

: that this amino add difference was critical for infeqtivtty. 

: To test the tnfectxvityctf the consensus 

we perfonned intrahepatic transaction of a chin^WTee, The 

;:;::pCV^H?7Cck>newashneanzedu^ 
by T7.RNA polymerase (Fi& 2);Thetnu«c^rticm mixture was 
next injected hrto $bt sites of the dwnpanaee liver. ^e ieed. 
mctJy thesame total amtnmtof DNAlcmplate aiid ttsu^ 
imirtute as used in the uosocccssfu! traosfie^^ 
iai»*idj vfeal s^ucnccs were not detected at any time after 
ijy'ectioo* Vat chimpanzee became, infected with HCV as mea- 
sured by detection of 10^ G£/mlof virat genome at weclr 1 pj.- 
tUrtbeanore» the HCV titer increased to 10^ QB/ui at weekZpl 
and had reached IO^£/ml ^ week S pi 

We anatyzed the sequence of the HCV genomes from the 
senim sample coUected at week 2 pA. The omsensus sequence ^ 
nucleotides 298-9375 of the r(xo^tefed genomes was drtermincd 
by direct sf><p]encing of FCR products obtained in long RT-PCR . 
followed byncstedrcRofl0overiappiagfragnKsnt8.Th«i^ 
to dcme pCV-H77C sequence was 100%. Hie consensus se- 
quence <rf nudcotide* 96-291, J32a-I348; 3^4,106» 4,763- 
5,113, and 9322-9»445 was determined ftom TCR products 
obtained in difierentaested RT-K^as»ys. The ^ 

: sequences with pCV-H77C was siiso 100%- These fatter t^ohs 
contained four mutations unique to the consensus chimera,' 
inchufing the artiiiaal^/ni ctea\^ site in the 3' UTR. Thetie* •: 
fbrei, RNA tnmscrqkg of this clone <rf HCV were mfcctiousw 

; ■^::^.;•WSCUSSION. ; .\ 
in the present a»dy, we have.c bri str\Kt<^ aio Meciicws cltmc rf: 
.. strain H77 of HCV, Thfe clone ciOTe«at^ 
: drH77ai«J a a 5' ITTR of 341 at, an ORFof 9^33 at, and = 
- a 3': UTR of 225 nt (a variable region.of 43 nt.whh a ^ngte point ; 
imitatioa,poly;u-UC c^fon of Si nt, and a conserved re^giott of = 



i;!teniuntwer&t^^ 

.iainino sicid inutadciis fbimd in the.predppted po^rtfeik# . 

: ■ l>ieiotheIack<rfreliaWe 

jiwecpnldholp^^ 

gpiwkwsly;: established :a^ 

$; tran^dripts iof- &fd^^ 



I transcripts of fiiU-lcaigth HCVixkmcs 

:i::traiBcrqjUDn:rouctuiesi:[ntp::the;liy^ 

i. /We demonstrated /diat l^^ cohseiiEs^ 

:^chimera of :'H77:::wm 

fgiaj|pa^ 

liikatease^ioy^^ 

iirebqmlmja^ 

tikrease in' viral titer had a sdquem 'id of the": 

;;chimeric;dky^ 

- that tbe cWCX ii^edCwith the :tr8^^ 



iinfcctiooi^fki^^^ 

:;€lcwe of hepatitis A yih»$,\teserted into a sib^ive^ 
: laddng euioiybtic pro^^ 
inti) the liver of tamanas (30), •'. . 

The viremic pattern 'observed in th» ei^ ptose of the 
l.infwtibn With: the r«k>mbmaht .vi^ wnailar :lO;,that 



= H77br 



minimal ::eVideiv^M:=hepatttisfi;T^ 
rphcnoJ^ .of.l.tfee infectious clbiw1of: HCy,:would le^^ 
iitransiectionM^ 



been published for several in^^hhers of the; genus Fktvwirus 
;:(!4^18)a^^ 

(l^-^^rMost of th^ .infectious cDNA; cloning vt^in? ccm^ 
-strilcCed byi is^^ libraries .followed by! the 

lassanWyofckmesrep*^ 

. common , procedures are. coinplicdted and time-consuoiing, 
particolarfy in the case .itf HCV< vfbkh &dsts as heterogeneous 
ifquajuspedes; We prevtoiBlyslK^^ 

; cDNA ?4ones of hepatitis A rims could be engineered in rae 
step by dbning of long RT-PCR laraplfcons (35). We had to 
mbdify this s|^ach fox HCV, because we wre not ahle to ; 
amplify the <;ntirc genome by long RT-PCR, prt^ab^ because 
of the strong predicted secondary structure, as well as the 
presence of a long poly U-UC tegUm, in the 3' UTR. Infiiead 
we uoed 'a cassette vector with fixed termini of the HCV 
genome and doned the entire ORF, amplified in long'RT* 
directly into this vector. Thus, with this strategy we were 
able to construct ^4ength HCV clones in two st^. 

Onecoodustonofour stndlyisthatah^prc^XHtionof HCV 
genomes probably are defective. We found that two of the 
ccnnplete fUtt-l^igth doncs coostrvcted w^e not infectious. 
Sequence analysis revealed that 7 of 16 additi<»ial dohcs were 
ddect^e tst polyprotein synthesis, and all dones bad multiple 

l i amino acid mutations compart 

the parent snrain. We canoot rule out that some of these siuita* 
[• tions were sntroduoed in. the RT*PCR and dcmii^ procedures. 
However, the infedivi^ titer of H77 is 1-2 lagw lower than the 
genome titer suggesting that less than 10% of the genomes aze 
infectbd$(re6k II and 29; RHJ^^anpul^sbed data). Moormann 
«r d (19) tejxwted that five: sa changes (compsffed with the 
consensus sequence) in the polyprotein accounted 
. tivi^. of dassica! swine fcvwr. virus, Rntherinptc, at a recent 
roed^t Jtwas repOTted^by Rice a^ >t A. Kofykhatov 
: that, of sinnisoas ckmes of H77 diey tested; 6t^ 
'neered to.oontain the cpiksensus sequence were mfedttous, Al- 
though nine ctf our clones potential could be hsfecttous they all 
had ^ or more nnitatkms compared with the consensus.se- 
quence.^ stiain HT?;: Because; of thel.imited milalHhty:^ 



Mv. By usti^ constructed t& 

: <lcme hi justtwo "steps. '.* 

: : Ihe iniSxttous nature of the consensus drfmera indicated that 
. the te^ioos of the 5' and 3!: UTRs inixtrpmBti^ into ttie cassette 



soneormwre ofthe^codi^^ 

. constriictstliatwer^ le0iaL7iieiefoi»,i^^ 

;;<thecassetteivi^ 

HCV slitiate it .prcftwihly be neoessai^ to inseil the . 
•consensiw'i»<ittimce:^ . 
. : The nifoctious d 
contained theS^iai^ 
^3<5), Becau» tfie 

■tFcnu^li lntemati Mmiat ot Hcpatiti^^ : 
-/.Viruitt, March 6:^10, l997,Kf6fo,Japa^ 



■■■| ::Mi6dfca1 Sdtw^iyini^aaV . ■ 1 'I; 
l tbned:ifl^^ authientic Q Qf.j:ii£e:; S^ UTO 

:;tox^te DNA and ibmfoit tbclRNA tmsaio^ 
'\:aaf^ at ti» 3': mL 11« 5^l^^R of h^psevpo^ bias Iweo 
pfoimd to ccmtaib an internal ifbpsomal eatiry site (4);; We tbimd : 
i: that uncapped j RNA , wias infectipui y imJicating I that ctfif: j 
I twJepi^Kfenl mitiation i is i^iised by j HCT|for ;=g«ic = • 

l-oipreKion. .l^ui^'^ Ibei in(^^ .(%o9Ce^ !eotry sste:^:must be^ 
: funbtkHud sri vnd* U is ii&ied^ wiitdi elements of the 3' \JTRit» 



!li>£hiy: cc^^ is? H77: Jicw&fet, the; pood 



'itcgbn varied ^leatiy tD=H77, Oar ;infect>oftts cUmc of HTT- 
i-ccastainedap^ 

: that ti» corS^>*d r^?OT of tlie 3vyTO^ lagJiJy cosserved, .; 
i-aod ^ infectious cant the awsemos sequence (101 

1^) of 1hl$ tt&on (7). In one prevbus stwiy .lt was ieported that 

tib RNA tianscripts from a 

of si»ot)pe l8i resulted: in a tow. level of lepOcatkm after, 
■frfftvtfertinn into ft humm hcptffflfia cell line (37),:llus cDNA 
cfouc did jxot «)ntefei the conserved tegion of the 3' UTfL 
Farthermorei the inlecthity of this clone was not tested w vhfo: .. 
Rccwrt^, it W r^wited that deletions m ^ 
thc3' UTR of Dengue vims and Ktmjin vetus did notrenderthese 
viruses ndoinffccdous (38, 39). However, the amservcd <?ore 
of the 3* UTR were critical for viral repUcatian, : 
- Further stud^ 

vN^ikii ledons of the 3^ UTR are essential for HCV ie^^ 

In^ara^ of ptasmids containing the foU^lengtfa cDNA con- 
structs of flavWiniscs or pestiviruses created major obstades to 
thecoijstrttctkmof infectiowdones^theseviruscs (14-^23). We 
used the hl^ cop^ vector pGEM-M[-) and DffSa cells to 
pjeparefull- or near fuU-lcn^ cDNA clcwJes of HCV. We found 
that im£f(C»iDants prodooed a veryiowyiddaf plasmid pNA 
whoi cttltui«d at 3TC or fw more thai* 24hr, Hoi^wr, we 

: ^^fo^^^^Jbf Fttrt^^^c, ^ sequence of : the chimeric 
■ : clbnedf H77, aftercetransf^nnatlon and laqte-^caJe preparation, ; 
: was tdentickf to the sequenjx of the. inserts 
used in tbecoostroctioo. These results indicate that oprinfectious 
= clone vw stable in DH5a cells. 

Tl»q[Udsi^)eciesj»ture<rfHCVJst)di^ 
vital pensistence (10). The success hidbctioo of a du^^ 
'witti 8 sfegle done oiHCV. pioviddj.us with a miiqoeoppcitunity 
to study tbie qussispedes nature of thiis virus and its evolution i/i 
. ■ wK>, as well as its imp<t«t«Kse fbr vir^. persistence, . / 
!'' ;:.la conclusion, we have constructed, a gwicUcaUy 5tat)le 
tinfecliousd^eofHCVyThea^^ to aigmeiw..thi5; 

' done should- be -^plicable to ' constrvctfon of fu{l*lehg^ : 
infectious ca>NAs ofoihcr HCV strains {10% ds well as of a 
nun*er of recently discovered related viruses (see ref,; 40). 
: Fiirthernjorei this infectious clone inigbt be helpful in dcvd- 
: oping effeciiwwi^^ theavailr:; 
r al^ity an infections done of HCV. malces H possible to stuc^. : 



! ' : We ti»tnk:M^ Li . Rasi^^ and other sto^ meiDd}eis at Sddoce 
: A{^>tic^ksts]i)ten^^ Frederic^ MP, ior.assists^ 

:::sequaice analyso; and Mr^ Mi S^a^no iwidioUi«r. steff . nKntes.atj: 
::Bto(|ual.RocMU;MD»fBrph^^ 
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